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3 STARTING THE SOFTWARE

1 Intr oduction

This documentis a short descriptionof how to useMIRLIN. It is hopedthat thereis enough
informationherethat anyonecanobtaingood,trustworthy datawith MIRLIN without excessive
interactionfromthedevelopmentteam.Youwill, of course,havetobethejudgeof that.Comments
arewelcomeandcanbee-mailedto ressler@cougar.jpl.nasa.gov.

What is MIRLIN? MIRLIN (Mid-InfraRedLarge-well Imager, “No, the ‘n’ doesn’t standfor
anything”) is a mid-infrared(5–26µm) camerabuilt by Michael ResslerandMichaelWernerat
JPL.Thecamerais basedon Rockwell’s HF–16128� 128Si:As BIB array. This arrayis unusual
in that it hasa well depthof approximately30 million electrons;this allows the usetraditional
broadbandastronomicalfilters (suchasN andQ) withoutsacrificinga reasonablefield-of-view or
usingultrafast(thusexpensive)supportelectronics.Measuredplatescalesare0.15arcsec/pixel (19
arcsecFOV) at thePalomar5–mand0.465arcsec/pixel (59arcsecFOV) at theNASA IRTF 3–m.

Thecameraprovideswavelengthcoveragefrom 5–26µm by having a thirteenfixedfiltersand
a1%,7–14µm CVF mountedin two filter wheels.Thefixedfilterscanbechosenfrom amongthe
M, N, Q, Q-short,andQ-longfilters, the6-filter 10 µm silicateset,andthenewly defined7-filter
narrow-band20µm set.

2 Powering Up MIRLIN

If youneedto powerupMIRLIN (thisshouldbedonealready, however),first turnon thecomput-
ers.TheSunSparcstationshouldalwayscomeupjustfine. In principal,therackmount486should
too,but experiencehasshown that50%of thetimeyoumustplug in thekeyboardin orderfor it to
bootsuccessfully. Unplugthekeyboardafterit startsto boot(thereddiskactivity LED shouldget
very busywhile it’ s booting).Never, ever (!) turn off eithercomputerwithout first shuttingdown
theoperatingsystems.Thesimple(anddesired)solutionis never turn themoff, but if you must,
seethesectiononshuttingdown MIRLIN.

After this,turnontheLakeshoretemperaturecontrollerandtheblacksteppermotordriverbox
(any order). I sometimeshave troubleestablishingcommunicationswith the motor controller—
it canrequiremany on/off cyclesto get it cooperating;however, onceit is operating,I have no
further trouble. Finally turn on thearrayelectronicspower supplybox. Oncethesystemis fully
operational,nothingshouldbeturnedoff until theendof therun—donot turn thingsoff at theend
of thenight.

3 Starting the Software

Thestartupsequencefor thesoftwareis notdifficult, but it is notyetparticularlyfriendly. First log
onto theSunSparcstationasusercamera andtypethepassword knock_knock. This shouldlog
you in andautomaticallystartX Windows. A few xtermswill bestartedfor you. Theonly onewe
reallycareaboutis theonefor runningtheinstrumentcontrol(IC) program.Choosethelower left
screen(usuallygreen),thentype486 at theprompt. This shouldlog you into therackmount486
which is mountedon thetelescope.You mayneedto supplythepassword (knock_knock). Then
changedirectory(cd) to ic, andtypemic at theprompt.Thisshouldstartup theIC program.You
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4 TAKING DATA — THE SHORT VERSION

shouldwait until thingshaveinitializedandthetimecounterhasappearedin theupperright corner
of thexterm.Thextermshouldlook somethinglikeFigure1 beforeproceeding:

Figure1: TheIC XTerm

Now selectthe upperleft xterm (yellow) and simply type “go”. This will start the X user
interface(XUI, Figure2) andthe“View FITS” program(VF). You shouldnow bereadyto begin
takinganddisplayingdata. If a numberof socket errormessagesor matherrormessagesappear
in thexterm,you didn’t wait long enoughfor theIC to initialize. Kill XUI andVF andtype“go”
again.

4 Taking Data — The Short Version

To setup to take your first image,you shouldsetup/checkthe following items(everythingis in
XUI). Underthe Parametersmenu,selectChange. This shouldpop up a new window labeled
Observing Parameters (Figure 3). Make surethe cameramodeis Basic, not Sim. Set the
integrationtime (Itime , this is in milliseconds!) andchoosethe numberof coadds.Choosethe
observingmode—thiswill usuallybe Chop/Nod, but eitherNod or Chop alonemay be useful
dependingon sky conditions.TheChopsparameteris thenumberof +/- beampairsperformed;
Cycles is the numberof A/B telescopenod pairs performed. Total on-sourceintegration time
assumingChop/Nodmodeis Itime � Coadds � Chops � Cycles. Therewill beanequalamount
of time spentoff-source.(Theactualobservationwill take longerthanthesumof thesetwo times
dueto overhead.)

To seeadifferenceframe(Object- Sky) attheendof acycle,makecertaintheObject-Sky box
is checked. To seethe sumof differenceframeswhenmany cyclesareperformed,make certain
theAccumulatebox is checked.To clearthisaccumulatorframe,click onZero Accumulate.
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4 TAKING DATA — THE SHORT VERSION

Figure2: TheXUI Main Window

Figure3: The“Obs” Window

Click on the Filter icon to selecta filter. A selectionchartshouldappearwhich shows the
availablefilters (Figure4). Click on thefilter buttonyou desire.If you wantto settheCVF, click
on theCVF button,thentypein thewavelengthin thesmallpop-upbox (Figure5). Theallowed
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4 TAKING DATA — THE SHORT VERSION

wavelengthrangeis approximately7.5–13.7µm.

Figure4: TheFilter Chart

Figure5: TheCVF wavlengthpopup.

Click on theBiasicon to getthepopupto setthedetectorbiasvoltage(Figure6). Legalvalues
are0–2V with 1.5V beingthetypical choice.Higherbiasvoltagesaremoresensitive thanlower
ones,but above1.5V somebleedingwill beseenaroundbadpixels.

Figure6: Thebiasvoltagepopup.

Click on theTelescopeicon to setthepropertelescopelocationandorientation(Figure7). At
this time,it affectsonly thetelescopenameandtheorientationof thefirst pixel printedin theFITS
files andthe orientationof the differenceimagesdisplayedin VF, but eventuallywill selectthe
defaultnoddead-time,thetelescopecontrolcommunicationmode,etc.soit is goodpracticeto set
it now.
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4 TAKING DATA — THE SHORT VERSION

Figure7: Thetelescopeselectionpopup.

Checkthe varioustext fields below the icons. “Object” and“Comment” shouldbe obvious;
“Data Path” selectsthedirectoryto storethedatain (pleasemake a subdirectoryoff of /data,e.g.
/data/Nov07), “File Prefix” choosesthe filenameprefix, and“Next ImageNumber” setsthe file
suffix. “Autosave Data” indicateswhetherto automaticallysave thedataasit is taken(you must
usethe“Save File” commandin VF to save it if youdon’t automaticallysave it here).

Now selecttheSetupwindow (from theObs/Setup/Engbarin theupperright, Figure8). The
“Nod East” and “Nod North” selectionsset the nod distancesfor Palomaronly (the telescope
operatorsetsthemat the IRTF). Usenegative valuesfor westor southmoves. The “Nod Dead
Time” is theamountof timetheprogramwaitsafteratelescopenodbeforetakingdata.At Palomar,
this valuewill be5–10secondsdependingon the nod distance;at the IRTF, this time shouldbe
2–3seconds.“Chop Throw” programsthechopperthrow in arcsecondsat Palomar. “Chop Dead
Time” setsthedelaytime betweenthechopsignaltransitionandthestartof theintegration.This
shouldbeabout2 msecat Palomarandperhaps10 msec(unconfirmed)at the IRTF. You should
alsosettheproperobservernames(morethanoneis allowed).TheIC selectionsareautomatically
setonstartupandprobablyshouldn’t bechanged.

Youmightnow selecttheEng window (Figure9) to seea lovely displayof all thesystembias
voltagevalues.Thesevaluesarepasswordprotected,but shouldneverneedto bechangedanyway.

Now reselecttheObs window, andclick on theGo buttonbackin themainXUI panel.After
theappropriateamountof time,stunning1 datashouldappearin theVF panels.

1Yourmileagemayvary.
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4 TAKING DATA — THE SHORT VERSION

Figure8: The“Setup”Window

Figure9: The“Eng” Window
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5 TAKING DATA — THE LONG VERSION

5 Taking Data — The Long Version

Thissectiondoesnotcovereverydetailof theinstrumentoperationor of thesoftwareparameters.
Someknowledgeof infraredastronomyandcomputerliteracy areassumed.We will, however,
discusssomeconsiderationsin a detailedway in orderthatusefuldatamaybeobtained;theseare
thingswhichapplyspecificallyto MIRLIN (andnototherinfraredcameras)or whichweconsider
to benot obvious(i.e. we learnedit thehardway).

5.1 Observing Setup

5.1.1 Observing Mode

Theobservingmodeallowsyou to choosewhatsortof backgroundframes,if any, areobtainedin
theobservingsequence.First a few quick definitions:1) Staringis simply looking at thesky, no
motionwhatsoever. Therearetwo MIRLIN modeswhichstare:OBJandSKY. Theonly difference
is which VF buffer they arewritten to. The only reasonto write themto differentbuffers is so
thatyou cancontrolwhat is positive andwhat is negative in anobjectminussky subtraction.2)
Nodding is moving the entire telescopebetweento locationson the sky, typically onewith the
objectin thefield-of-view (henceOBJ)andonewith it out of theFOV (henceSKY). It cantake
from 3 to 10 secondsto allow the telescopeto settleduring moves, thus noddingis generally
doneonly at near-infraredwavelengths(thusgenerallynever with MIRLIN, exceptperhapswith
the CVF), or aspart of a morecomplicatedprocedure(seebelow). 3) Choppingis toggling the
telescopesecondarymirror betweentwo limits to move theobjectin andout of thefield of view.
This is muchfasterthannodding;it takesapproximately2 to 5 millisecondsto settle,thusonecan
chopbetweenthetwo positionsat over40 Hz givena 5 msecintegrationlengthplusoverhead.4)
Chop/Nodmodeallows a combinationof choppingandnodding. In this mode,a full chopping
sequenceis performedand the differenceis displayed,then the telescopeis noddedto its new
positionandanotherchoppingsequenceis done.Thedifferencebetweenthesetwo chopbeamsis
subtractedfrom thefirst differenceto give thefinal image.

The chop/nodsequenceis importantbecausechoppingeffectively changesthe shapeof the
telescope.Smalldifferencesin theilluminationpattern(e.g. dustonthedewarwindow) will cause
artifactsin the residualwhich canbe quite large in comparisonto the object. The secondchop
sequencein thepatternshouldhave thesameresidualerrorasthefirst, thussubtractingit should
removetheresidual.PerhapsFigure10will make thingsclearer.

In thisexample,boththechopthrow andthenodshiftsaresmallsothattheobjectis alwayson
thechip. Sometimes,particularlywith extendedobjects,onemustchopandnodinto completely
blanksky; thustheobjectis in thefield of view only 25%of thetime. A reasonablealternative to
chop/nodis takingonechopsequenceentirelyonblanksky, thentakingmany chopsequences(per-
hapsmoving thetelescopeslightly betweeneach)on theobject,thenanotherblanksky sequence.
Sincetheresidualslopesandwavesvary very slowly with time, it is probablynot necessaryto do
theblanksky residualmorethanonceor twiceperobject.Thesesky framescanthenbesubtracted
from all theon-objectsequencesto eliminatetheresiduals.Caremustbetaken,however, so that
thenoisein thesky framesis sufficiently smallthatit doesnot impactthedetectionlimit.
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5 TAKING DATA — THE LONG VERSION 5.1 ObservingSetup

A. C.
Thepositivechoppositionfor
thetwo nodpositions,respec-
tively.

B. D.
Thenegativechoppositionfor
thetwo nodpositions,respec-
tively.

A-B. C-D.

The differencesof the chop
sequences.The left imageis
displayedattheendof thefirst
chop sequence;the telescope
is then moved and the right
image is seenafter the new
chopsequence.

(A-B)-(C-D).

The final image. The second
chop sequenceis subtracted
from the first to remove the
residualslopeandwaves.

Figure10: TheChop/Nodsequenceof images.

5.1.2 Itime

The“Itime” parametersetsthesingle,on-chipintegrationtime. This time will almostalwaysbe
setby thethermalbackgroundof thesky andtelescopeasopposedto thebrightnessof theobject.
Thekey to selectinga properitime is to understandthecompetingcharacteristicswhichaffect the
data.Thefirst issueis linearity. Labtestsshow thatthedetectoris linearto 1%from 0 to 9,000,000
electrons(8000ADU swing,about9000ADU final signallevel). Thiswill normallysettheupper
limit of itime unlessyou arepreparedto dealwith linearity correctionissues.The lower limit is
setby thereadnoise.Zerosignalpresentsitself asabout1,000ADU. Sincethetotal systemnoise
(readnoiseplus electronics)is about1400electrons,your signalshouldbe at least2000ADU
(final level > 3,000).Thefollowing diagramshouldhelpmake thingsclearer:
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5 TAKING DATA — THE LONG VERSION 5.1 ObservingSetup

Zero Read- Optimum Full
SaturationDepthnoise

Level
Signal

1,000 3,000 9,000 15,000 16,384

Figure11: Well depthdiagram.

5.1.3 Coaddsvs. Chops

Sinceboththenumberof coaddsandnumberof chopsareessentiallyfreeparameters,this is how I
suggestsettingthem.Usethenumberof coaddsto setthechopfrequency youdesire.For example,
if you aredoing10 msecintegrationanddecidethata 5 Hz chopfrequency is themostdesirable,
thenyouwill find thatabout8 coaddswill yield thisfrequency. (UsetheChopFreqline to monitor
how thenumberof coaddsaffectsthefrequency.) Thensetthenumberof chops(chopcycles)to
give thesignal-to-noiseyou desire.If in thecurrentexampleyou decidethatyou needtwice the
S/N,thenincreasethenumberof chopsby a factorof 4, while leaving itime andcoaddsalone.

5.1.4 Setting the Chopper Throw and Angle

Thef/70 choppingsecondarymirror is controlledby signalsgeneratedby MIRLIN’ selectronicsin
orderto synchronizethepositionof themirror with thedataframes.Thethrow signalis currently
convertedto f/70 languageby asmallgrayboxwhichis locatedin thedataroom.To setthethrow,
find the“ChopThrow” itemon theSetuppageunderObservingParametersin theXUI. Thevalid
rangeis from 0 to 133arcsec.

Thechoppingangleis controlleddirectly by thechopperelectronics.On the front panelis a
redLED displaylabeled“ROTATION” with a toggleswitchunderneath.Pressthis toggleswitch
until thedesiredangle(eastof north)is displayedin thereadout.

5.1.5 BiasVoltage

Thedetectorresponsevariesroughlyasthesquareroot of thedetectorbiasfor voltagesbetween
about0.5 and2.0 V (thusS/N∝ V0 � 25

bias ). Theoptimalsettingis probablyabout1.5 V: thedefault
is 1.5,but keepaneye on it; voltagesmorethanabout1.5 V leadto bleedingaroundbadpixels.
If youarehaving saturationproblemswith broadbandN, youmight try reducingthebiasuntil the
signalis within asaferange.Thelinearitybreakpointdoesnotchangeasafunctionof biasvoltage,
thusafinal level of 9000is still a reasonabletarget(seesection5.1.2).

5.1.6 Filters

Thefollowing tableindicatestheavailablefilters andtheir bandwidths.Thereis roomfor only 13
filtersatagiventime,sofilter requestsshouldbemadewell in advanceof anobservingrun.

Figure 12 shows thesefilters in relation to the atmospherictransmission(for MaunaKea).
Thereis alsoa1%spectralresolutioncircularvariablefilter (CVF) whichhasausefulwavelength
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5 TAKING DATA — THE LONG VERSION 5.1 ObservingSetup

Table1: Filter Lists
Name λ (µm) ∆λ (µm) Flux (Jy0 Mag)

K 2.2 0 .4 650
M 4.68 0.57 165
N 10.79 5.66 33.4

Q-s 17.90 2.00 12.4
Q-l 22.43 4.85 7.9

Name λ ∆λ Flux Name λ ∆λ Flux
N0 7.91 0.76 60.9 Q0 17.20 0.60 13.4
N1 8.81 0.87 49.4 Q1 17.93 0.45 12.3
N2 9.69 0.93 41.1 Q2 18.64 0.52 11.4
N3 10.27 1.01 36.7 Q3 20.81 1.65 9.2
N4 11.70 1.11 28.5 Q4 22.81 1.21 7.7
N5 12.49 1.16 25.1 Q5 24.48 0.76 6.7

rangeof approximately7.5to 13.7microns.

Figure12: Atmospherictransmissionfor MaunaKeaandMIRLIN’ s filter passbands.
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5 TAKING DATA — THE LONG VERSION 5.2 FlatFields

5.2 Flat Fields

We havenot yet determinedthebestway to applytraditionalflat-fieldsto MIRLIN data.We have
hadsomesuccesswith usingdomeminussky imagesaswell ashigh airmassminuslow airmass
images. Unfortunately, thereappearsto be somevariation in flatnessover the arraydueto the
optics.Weareactively workingonthis,but in themeantime,to coveryourselfaswell aspossible,
try to keepyour objectsandstandardstarsin the samepositionon the array—thepixel-to-pixel
variationsaremuchsmallerthantheglobal,optics-inducedvariations.

5.3 Dewar Rotation Angle

BecauseMIRLIN wasdesignedto be usedat both Palomarin a side-lookingconfigurationand
at the IRTF in an up-lookingconfiguration,compromiseshadto be madein ordernot to dump
all the cryogensat one telescopeor the other. This led to the placementof the fill tubesnear
the window “edge” of the dewar top. We have sincefound the the fill tubesmay not be placed
exactlyhorizontallyor pointeddownward;this leadsto anorderof magnitudehigherliquid helium
boiloff rate. Consequently, thedewar mustberotateddependingon whatpartof thesky is being
observed. At the IRTF thecutoff is simple,any objectwhich is southof zenith( � 20

�
) requires

that MIRLIN’ s fill tubesbe pointednorth (0
�

rotationangle);north of zenithrequiresthat they
point south(180

�
rotationangle).Be warnedthatanythingwithin two degreesof zenith(18–22

�
)

maycauseincreasedboiloff.
At Palomar, whenthe dewar is on thenorthside(90

�
positionangle),declinationsfrom +15

to +90
�

may beobserved. Whenit is on the southside(270
�

positionangle),declinationsfrom
-35 to +50maybereached.Theoverlapis dueto the20

�
tilt at whichMIRLIN is mountedon the

infraredcoffin.
In thesoftwareon the“ChangeParameters”page,thetelescopeiconwill allow you to pick the

dewar orientation.Thesoftwarewill thengeneratethecommandsnecessaryto rotateandflip the
imagessothatnorthis alwaysup andeastis alwaysleft on thedisplay. Thedirectionof pixel 0,0
is alsoprintedin theFITSheader.

5.4 Acquiring Objectsat Palomar

Findingmid-infraredsourcescanbetricky if they arenot alsooptically visible,but thefollowing
routineseemsto work relatively well. Figure13 shows a “cartoon” of what you will seein the
visiblewavelengthfindercamera.Thelargesquareoccultingthefield of view is MIRLIN‘s pickoff
mirror. First find a bright mid-infraredstandardstandardstarandmove it to thecenterof thetop
“crescent”to positionA. Now move the telescopeapproximately35 arcsecondsnorth (perhaps
southif thedewarhasbeenrotated180

�
) andcenterthestarin MIRLIN’ s field-of-view (if it were

not blockedby thepickoff mirror, this would bepositionB). Move thetelescopesouthexactly35
arcseconds(perhaps30 or 40 arcsecondsinstead)andmark thenew positionof thestarwith the
crosshairs.Youmightalsowish to havethetelescopeoperatorperforman“X” at thispoint. I find
it usefulto have theoperatordefinean“A” asthe 35 arcsecondnorth (or whatever) move; when
you centertheobjecton thevisible cameracrosshairs,thenaskto do a “moveA”, theobjectwill
thenbewell centeredin MIRLIN. This way you do not have to rememberwhich orientationthe
dewar is in or whatexactlyyouroffsetis. Do a“move-A” to gettheobjectbackonthecrosshairs.
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5 TAKING DATA — THE LONG VERSION 5.5 GuidingatPalomar

A

B

Figure13: Thefindercamerafield of view

If yourobjectis opticallyvisible,find theobjectin thevisiblecameraandcenterit on thecross
hairs,do a “move A”, andtake data. If theobjectis not visible, asktheoperatorto find a nearby
SAO star, centerthisonthecrosshairs,moveto yourobject’scoordinates,doa“moveA”, andtake
data.Thissoundslikealot of moving,but ourexperienceis thatthe200

���

seemsto pointextremely
well, andassumingtheobject’scoordinatesaregood,it will fall within anarcsecondof your target
spot.Seesection5.7for tricksonhow to centerupon theobject.

5.5 Guiding at Palomar

Hereis a quick recipefor findingguidestarswith theoffsetguider. At thebeginningof thenight,
do thefollowing:

1. Finda brightstandardandcenterit in MIRLIN’ sfield of view.

2. Zerothetelescopeoffsets.This canbedoneby typing “tcs z” in thecommandpromptarea
of MXUI or askingthetelescopeoperatorto do it.

3. Put theguiderpositionat its origin (type“og r 0 0” at theguidercomputerprompt. It may
takeawhile ( � 30seconds)to completethemove.

4. Movethetelescopeuntil thestaris centeredin theguiderfield of view (about10
���

across).

5. Recordthe offsetsfrom the telescopecoordinatedisplay. North andeastarepositive. For
example,if theoffsetsare10arcsecwestand20arcsecnorth,recordthisas“-10 20”.

6. Movetheguiderout of thecenterposition(e.g. “og r 600”)

Thenfor eachobject,performthefollowing:

14



5 TAKING DATA — THE LONG VERSION5.6 Twist andShoutatPalomar

1. Positiontheobjectin MIRLIN’ s field of view in thenormalway (SAO star, move to object,
moveA, etc.)

2. Enterthe guidestaroffsetsinto the computer, e.g. “og r 35.6 -92.3” for a 35.6east,92.3
southoffset.

3. Offsetanadditionaldistancecorrespondingto theoffsetsfoundabove,e.g.“og i -1020”.

4. Theguidestarshouldbein theguiderfield of view. Do additional“og i” movesto centerthe
starasnecessary.

5. Move theguidercrosshairsinto theguider“hex”, but not on thestar, by pushingtheblue
buttonson theguiderbox.

6. Twiddle the“H-ZERO” and“V-ZERO” knobson theguiderbox until theredlights flashin
abalancedmanner.

7. ReadtheHEAD anglefrom theguidercomputeranddial thatnumberinto thethumbwheels
on theguiderbox. Checkthatthemodeknobis setto mode11.

8. Move the cursoronto the starandturn on the guideswitch. TheLEDs shouldflashgreen
whentheguiderstarts“pushing” thestarto thecenterof thecrosshairs.

5.6 Twist and Shoutat Palomar

To “twist andshout” (align the instrumentopticalaxiswith the telescopeopticalaxis), it is nec-
essaryto adjustthegold pick-off mirror which is insertedinto theInfraredCoffin. Therearetwo
micrometers,onewhichcontrolsup-and-down (north-south)movementof thepick-off mirror, the
othercontrolsside-to-side(east-west).Theoverall goal is to have thedewar look preciselyat the
secondarymirror so that a uniform, low backgroundis seenacrossthe whole MIRLIN field-of-
view. The backgroundsignal increasesdramaticallywhenthe pick-off mirror is misaligned,so
the twist-and-shoutattemptsto minimize this. The twist-and-shoutworks bestwith two people:
oneto adjustthe micrometers,oneto take imagesandcall out movementsto optimizethe posi-
tion. The twist on shoutcangenerallybe donein the afternoonor early evening. Simply have
the telescopepointedat zenithandmake sureboth the primary mirror cover andthe secondary
mirror lid areopen. As long asthe backgroundis not greatlyvarying, this shouldbe sufficient.
Thealignmentcanalsobetestedby observingaveryout-of-focusstar:theimageshouldberound
andsymmetrical.

5.7 VF Tips and Tricks

To centerup on your object,the mostconvenienttrick is to call up the “TCS Coordinates”box
under“Options” in VF. Simplyclick onthecurrentpositionof thestar, thenpress“f ” (for “from”).
Thepixel coordinatesshouldappearin thepanel.Thenclick onwhereyouwouldlikethestarto be
andpress“t” (for “to”). Thenpress“CalculateOffset” followedby “OffsetTCS”. Thetelescope
shouldmove thedistanceindicatedby thecalculation.Thenext imageyou take shouldhave the
objectexactlywhereyoudid the“to” click.
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7 ERROR RECOVERY 5.8 Saving datawith theCD-ROM writer

To aidin focusing,it is usefulto displayline cutsthroughastar. To dothis,obtainanimageof a
star;thisshouldbedisplayedin PanelC (upperright) whichby defaultdisplaysBuffer 2 assuming
you did a normalchop. Now click on PanelD. Whereit indicatedthat it is displayingBuffer 3,
changethisby selectingBuffer 2 (b2). Whereyouprobablysee“Image”, changethisby selecting
“Line cut”. A line cut plot shouldnow appearin the lower right panel.Click on thestarin Panel
C, thenpress“l” (“el”) to have thecutsgo throughthepoint youclicked.Youcanrestricttheplot
rangeby drawing a box aroundthestarin PanelC with themiddlemousebutton, thenselecting
“Box” on thePanelD setup.

5.8 Saving data with the CD-ROM writer

MIRLIN hasa CD writer for backingup data;CD’s have greaterlongevity thantapesandthey
canalsobeuseddirectlyby dataprocessingsoftware.Writing CD’s is not difficult; a simpleshell
scriptis all it takes.To write theCD, follow thesesteps:

1. Putanew CD into theCD caddyandinsertit into thewriter.

2. Type“make_cd/data”. Everythingin the/datadirectorywill bewritten to theCD. You can
specifysubdirectoriesof /dataif youwish.

3. Comebackin anhourandpick upyournice,shiny CD.

If you want to make a secondcopy, type the command“burn_cd” to make the second. This
commandassumesthata disk imagealreadyexistsas/cdimage/image(which is createdaspartof
the“make_cd”command).

6 Shutting down MIRLIN

If youareonly shuttingthesystemdown for thenight,all youneedto do is selectthe“dark” filter,
thenpresstheHalt buttonunder“Parameters”in theXUI or issueahalt commandfrom eitherthe
XUI or theIC. Whenthe“GO” statusreads“Halted”, thenexit from all thesoftware(Quit buttons
in VF andXUI, die commandin IC). Do not turnoff any of theelectronics.

To shuttheentiresystemdown at theendof a run, first exit thesoftwareasdescribedabove.
Logoutfrom the486,thenissuethecommandhalt486 from theSun.Thiswill shutdown the486.
Now exit from X Windowsandlogout. Reloginashalt. This will shutdown theSunworkstation.
After a few minutesyou mayturn off all thepower in reverseorderfrom thestartup(i.e. first the
arrayelectronicspowersupply, thenthemotorcontroller, thetemperaturecontroller, therackmount
486,andfinally theSun).

7 Err or Recovery

In spiteof my goalto haveaperfectinstrument,therearestill a few little “nasties”runningaround
the system,someof which shouldbe fixedsoon(or alreadyhave been)andsomeof which will
probablybedevil meuntil we build thenext instrument.If you shouldencounterone,herearea
few thingsto try.
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8 SYSTEMMODIFICATIONSAND BUG FIXES7.1 Recoveringfrom aSoftwareCrash

7.1 Recovering fr om a SoftwareCrash

Shouldyou experiencea softwarecrash,the simplestway to recover is to restartthe software,
thengo to “Execute‘DO’ Files” underthe “Options” button in XUI. Assumingyou are in the
default macrodirectory(/home/mirlin/camera/macros),a file called“%%recall” shouldappearat
thetop of the list. This file wascreatedautomaticallythe last time you pressedthe“GO” button,
thusit shouldhave themostrecentsystemstatestoredin it. Simply highlight thefile, thenpress
“Execute”to reloadeverything.Youshoulddouble-checkthe“Next ImageNumber”parameterto
makecertainyoudon’t try to overwriteany existingfileswhichmayhavebeensavedafteryoulast
pressedthe“GO” button.

7.2 Clearing a GoTaskERROR state

If a non-fatal errorwhendoinga Go occurs,pressStopto cleartheERROR stateandreturnthe
GoTaskstateto READY. How do you know if it wasa non-fatal error? Try this andif the next
integrationworks,it wasnon-fatal.

8 Systemmodificationsand bug fixes
� [Pre-1996fixes]

– FixedbugwhichcausedVF to stopupdating.

– FixedBCARD error. Causedby lackof retriesto seeif integrationfinished.

– Fixedsocket reseterrorsafteraBCARD crash.

– FixedstaremodewhichgotbrokenwhenI fixedtheBCARD errors.

– Fixedmosterrorswith panelvalueupdates.Still, checkthepanelwherecommandsare
echoedto makecertainthingswentthrough.

– Fixedlongchoppingdeadtimeproblem.Youshouldbeableto choparbitrarilyslowly
now (not thatI recommendit).

� [May, 96] Installednew optics.Thisshouldgiveflatterfield.

� [Nov, 96] Fixedtelescopecoordinateerrorsin FITSheaders.

� [Dec,96] Eliminatedfilter cablegroundloop.

� [Dec,96] Installedpupil imaginglensto aidwith alignment.

� [Mar, 98] Tweakedshortestitime to 4.8msec.AddedKeckvariations.
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A COMMAND SUMMARY

A CommandSummary

A.1 Commandscommonto both IC and XUI

Thissectionsummarizesall thecommandsandliststhemin thefollowingform: \begin{description}
\itema{functionname}{defaultvalue}{valuerange}Description.\end{description}I havetriedto
becarefulto indicatefloatingpoint valueswith a decimalpoint andat leasta tenthsdigit, while
integersdo not have a decimalpoint (\emph{e.g.}“10.0” vs. “10”). Thingswhich don’t have a
sensibledefault valueor rangeareindicatedwith a “\verb+-+” in theappropriateentry.

accumulate off [on/off] – Accumulatethedifferenceframesgatheredduringnoddedobservations
into VF buffer 3.

autosaveic off [on/off] – AutomaticallysavethedataontheIC hostcomputer(not implemented).

autosavexui off [on/off] – Automaticallysave thedataon theXUI hostcomputer.

beameast0.0 [–300.0 – 300.0 arcsec] – Settheeastnoddingdistance(Palomaronly).

beamnorth 0.0 [–300.0 – 300.0 arcsec] – Setthenorthnoddingdistance(Palomaronly).

cammode basicbasic/simSetthecameramode(“basic” or “sim”).

chopdtime 101 - 500msecSetdelaybetweenchoptransitionandstartof integrationin msec.

chops 1 1 - 32768/coaddsSetthe numberof desiredchopcycles. (Coadds � chopsmustbe <
32768.)

chopthrow 0 0 - 133.2Setthechoppingsecondarymirror throw.

coadd 1 1 - 32768/chopsSetthenumberof coaddsperbeam/chop.

color noyes/noSetcolorattributesfor kbio (not implemented).

comment No Comment- Setthecommentfor theFITSdatafile.

cvf - 7.5- 13.7micronsSetthefilter wheelsto thisCVF wavelength.

cycles 1 1 - 1024Setthenumberof telescopenodcycles.

display ? 0 - 2 Determineshow thekbio processupdatestheparmswindow on thescreen.

dtime 1.00.0- 30.0secSetthetelescopesettlingtimeafteranodmove.

epassword - - Entertheengineeringpassword.

filename data- Setthefilenameprefix to besaved.

filter openfilter nameSelectthefilter (open,dark,N0, N1, etc.)

filterinit - - Initialize thefilter wheels.
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A COMMAND SUMMARY A.1 Commandscommonto bothIC andXUI

go - - Begin anintegration.

goinit - - Initialize theelectronics(dubiousfunctionality).

goreset - - Resettheelectronics(dubiousfunctionality).

halt - - Halt theelectronics.

imagenumber 1 1 - 9999Setthenext imagenumber

itime 10.05.0- 60000.0msecSettheintegrationlength.

nop - - Do nothing(usefulfor someinternalinitializationroutines).

object ObjectName- Settheobjectname.

observer YourName- Settheobservers’names.

obsmode3 0 - 5 Pick the observation mode; 0 = stare(A),1 = stare(B),2 = nod, 3 = chop,
4˜=˜chop/nod,5 = movie (not implemented).

setbias - 0.0- 10.0V Setabiasvoltage;hastheform setbiasboard,dac,voltage;will disappearin
thenearfuture.

setrbias - 0.0 - 10.0V Seta biasvoltage;hasthe form setrbiasboard,dac,voltage;requiresthe
engineeringpassword.

sleepdtime 501 - 1000msecAmountof timeto wait beforecheckingif integrationis done.Don’t
changethisunlessyouaresureyouknow whatyou’redoing.

status - - Doesn’t appearto doanything.

stop - - Stopanintegration.Breaksonly at nodor chopchanges,somistakeswhendoinga long
stareor nodonly cangetlongandboring.

subab off on/off AutomaticallysubtractA andB beamsin VF buffer2 whenchoppingor nodding.

tcs - - SendaTCScommand.

tcshostnamemirlin - SettheTCShostcomputername.

telescope0 0 - 6 Setsthetelescopeidentifier(0 = Palomarat90deg, 1 = Palomarat270deg, 2 =
IRTF at0 deg, 3 = IRTF at180deg, 4 = TableMountainat0 deg, 5 = TableMountainat180
deg, 6 = Other).

tempcmd - - Senda temperaturecontrollercommand.

temprecord off on/off Recordthetemperatureto afile; requirestheengineeringpassword.

wait - 0.005- 60secSetGObusyfor n seconds.

xuihostname mirlin - SettheXUI hostcomputername.

xuipath /data- Thethepathfor XUI macros.
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B TOPPINGOFFTHE CRYOGENSAT PALOMARA.2 Commandsin IC only

A.2 Commandsin IC only

die - [-] – Quit theIC program.

A.3 Commandsin XUI only

dofile - [-] – Executeamacrofile

dofilemask * [-] – Setthemaskfor displayingavailablemacrofiles.

dopath $HOME/macros [-] – Setthepathto find macrofiles.

ichostname mirlin486 [-] – SettheIC computerhostname.

pwindow 0 [0 – 2] – Selecttheparameterwindow; 0 = observing,1 = setup,2 = engineering.

vf - [-] – SendaVF command.

viewicdata - [-] – (?)

B Topping off the cryogensat Palomar

Mostof youshouldneverhaveto dealwith toppingoff thecryogensin MIRLIN, but if youshould
find yourselfin thatposition,hereis theinstructionlist. For your information,theLHe hold time
is roughly 32 hours,the LN2 hold time is significantlylongerthanthat, andit is bestto do the
transferafterthenight’sobservingratherthanbeforeto minimizecryogenspillage.

� Two shortingplugs

� 3/16ball driver

� Window coverplus#2screw

� Smallslottedscrewdriveror 5/64ball driver for #2screw

� Metalblock (for supportingLHe transfertubeabovedewar)

� LHe transfertube

� Funnel,LN2 flasks

Procedure:

1. If necessary, follow theinstructionsfor shuttingdown theMIRLIN software.If the“Gotask”
statusin theXUI panelon theSunworkstationreads“Halted” (purpleletters)or if theXUI
andIC programshavebeenshutdown (commandpromptsvisible in theprobablygreenand
yellow xterms),it is safeto proceed.
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B TOPPINGOFFTHE CRYOGENSAT PALOMAR

2. Turn off the arrayelectrnicspower supply, the filter motor controller, andthe temperature
controller(if present)in thatorder.

3. Removethegrayhousekeepingandmotordrivecablesfrom thedewar.

4. Placeonehandon the electronicsbox, thenremove the arraycablesfrom the dewar with
your otherhand. Immediatelyinsertthe shortingplugsafter removing the cables.(If you
don’t have theplugs,don’t removethecables!)

5. Placethewindow coverbackover thedewarwindow.

6. Removethescrewswhichclampthedewar into theinstrumentmount.

7. Slidethedewaroutof themountandgentlyplaceit on thefloor. Warning:thedewarweighs
approximately90 lbs. empty.

8. Remove therubberboiloff control tubes.Thenitrogentubehasa simplescrew-on cap,the
heliumtubehasasafety“widget” with astopperthatfunctionsasapressurerelief.

9. PositiontheLHedewarnearMIRLIN byputtingthedewaronthe“mushroom”(ram/platform/whatever-
you-call-it)andraisingit sotheneckis at theCasscagefloor level insidetheaccessdoor.

10. Retrieve theLHe transfertubeandslidetheo-ring to nearthebottom.

11. Closethe1/2-lb safetyvalve on theLHe dewar andslowly insertthe transfertubeinto the
neck.Tightentheo-ringnutassoonaspossibleto geta leak-proofseal.

12. Watchthepressuregaugeon theLHe dewar. You would like thepressureto riseto roughly
7–8lbs. If it goesover10,openthesafetyvalveto dropthepressureabit.

13. Continuepushingthetubeinto thedewar. Ultimately, thetubeshouldbe1/4 inch from the
bottom(pushit down to thebottom,thenpull backabit).

14. Whena strongsolid white jet appearsat thetransfertubetip (lookssomethinglike a blow-
torch),insertthetip into MIRLIN’ s LHe can.Youshouldseea milky whiteplumeapproxi-
mately6–12inchestall (dependingonhumidityconditions)while theliquid is transferring.

15. After sometime,theplumewill begin to billow andspit little streamersof condensate.This
indicatesthecanis full. (8 liters total capacity)

16. Openthe1/2-lb or the large through-valve on theLHe dewar to vent thepressure,pull the
tip from the MIRLIN LHe can,unscrew theo-ring nut, andremove the transfertubefrom
thestoragedewar.

17. ClosetheLHe dewarneckandthelargethroughvalve. Openthe1/2-lbsafetyvalve.

18. ReinserttheLHe boiloff tube.

19. Usinga funnelandflasksof LN2, fill LN2 canuntil it overflows. (4.5 liters total capacity)
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20. ReinstalltheLN2 boiloff tube.

21. Follow steps2 – 7 in reverseorderto putMIRLIN backon thetelescope.

22. Follow theinstructionsfor startingtheMIRLIN software.(Thedaycrew mayomit thisstep,
leaving it to theobservers.)
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